Introduction {#Sec1}
============

As COVID-19 disproportionately impacts certain regions across the USA, there have been speculations on various factors that may contribute to this disparity.^[@CR1]^ Primary care Health Professional Shortage Areas (HPSAs) are regions with a lack of primary care providers based on need for care. These areas have been associated with greater poverty, larger proportions of racial minorities,^[@CR2]^ low-wage essential workers, and congregate settings, including homeless shelters and prisons, all of whom could be at increased risk of contracting the virus.^[@CR1]^ Shortage areas may also have limited availability of testing and treatment, which may contribute to higher COVID-19 mortality.^[@CR1]^ However, it is not known whether shortage areas are associated with higher COVID-19 infection or mortality rates. This study investigates the hypothesis that primary care HPSAs are associated with higher rates of COVID-19 infection and mortality.

Methods {#Sec2}
=======

County-level COVID-19 daily new cases and deaths from March 22, 2020, to May 16, 2020, in the USA were extracted from <https://coronavirus.1point3acres.com/en> and COVID-19 Data Repository by the Johns Hopkins University Center for Systems Science and Engineering population-based datasets on May 18, 2020. Cases and deaths were aggregated by county into weeks and only counties with reported COVID-19 cases and deaths during all 8 weeks were included so that all counties were proportionately represented. 10,328 county-weeks were linked to county-level characteristics including 2019 population estimates from the US Census Bureau.^[@CR3]^ Socioeconomic variables including poverty, unemployment, low educational attainment, population ages 65 and older, male gender, and non-Hispanic white race/ethnicity were derived from the 2017 American Community Survey 5-year estimates.^[@CR3]^ The 2013 rural-urban continuum codes used to classify rurality and whole county primary care HPSAs were separately derived from the 2018 Area Health Resource File.^[@CR4]^ Primary care HPSAs were based on ratios of primary care specialties (general or family practice, general internal medicine, pediatrics, and obstetrics and gynecology) to residents depending on needs for primary care services in specific geographic areas.^[@CR4]^

Because most counties still do not have COVID-19 testing available, counties without any reported infections may lack cases due to a lack of local testing capacity.^[@CR5]^ Therefore, we focused on infection rates for the 10,328 county-weeks with reported COVID-19 infections as a proxy for infection burden. Generalized linear mixed models with negative binomial distribution were used to test the associations of primary care HPSAs and COVID-19 rates, controlling for time, rurality, population, and six county-level socioeconomic variables.

Results {#Sec3}
=======

During this study period, 1,381,197 individuals were diagnosed with COVID-19 in the USA, and 85,097 died from this condition. There were 170 (13.2%) whole county primary care HPSAs and 1121 (86.8%) areas that were not whole county primary care HPSAs.

COVID-19 infection and death rates were higher in whole county primary care HPSAs compared with non-whole county primary care HPSAs (overall median: 30.9 vs 18.0 per 10,000 residents and 1.1 vs 0.7 per 10,000 residents, respectively). In models adjusting for county-level factors and sociodemographic characteristics shown in Table [1](#Tab1){ref-type="table"}, primary care HPSAs were significantly associated with COVID-19 infection rate (adjusted IRR: 1.41 \[95% CI, 1.19--1.66\]; *p* \< 0.001) and COVID-19 mortality rate (adjusted IRR: 1.54 \[95% CI, 1.17--2.02\]; *p* = 0.002).Table 1Relationships Between Population Characteristics and COVID-19 Infection and Mortality RatesModel A^1^Model B^2^Model C^3^Model D^4^Population characteristicUnadjusted IRR (95% CI)*p*Adjusted IRR (95% CI)*p*Unadjusted IRR (95% CI)*p*Adjusted IRR (95% CI)*p*Primary care HPSA1.59 (1.35--1.87)\< 0.0011.41 (1.19--1.66)\< 0.0011.61 (1.25--2.08)\< 0.0011.54 (1.17--2.02)0.002RUCC1.01 (0.99--1.04)0.3631.02 (0.98--1.05)0.3421.00 (0.96--1.04)0.8470.98 (0.93--1.04)0.555Low Educational Attainment (%)1.03 (1.02--1.04)\< 0.0011.01 (1.02--0.99)0.2201.03 (1.01--1.05)\< 0.0010.99 (0.97--1.01)0.426Unemployment (%)1.15 (1.10--1.21)\< 0.0011.04 (0.98--1.09)0.2161.23 (1.15--1.32)\< 0.0011.08 (0.99--1.18)0.078Poverty (%)1.03 (1.02--1.04)\< 0.0010.99 (0.97--1.00)0.1411.04 (1.02--1.06)\< 0.0011.00 (0.97--1.03)0.914Male gender (%)0.97 (0.94--1.01)0.0990.98 (0.95--1.01)0.2320.89 (0.85--0.94)\< 0.0010.94 (0.89--1.00)0.039Population ages 65 and older (%)0.97 (0.96--0.99)\< 0.0010.99 (0.97--1.00)0.1791.01 (0.99--1.03)0.5131.04 (1.01--1.06)0.003Non-Hispanic white population (%)0.99 (0.98--0.99)\< 0.0010.99 (0.98--0.99)\< 0.0010.98 (0.98--0.99)\< 0.0010.99 (0.98--0.99)\< 0.001^1^Model A individually assessed the association between each characteristic and COVID-19 confirmed case rates^2^Model B mutually adjusted for all population characteristics and COVID-19 confirmed case rates^3^Model C individually assessed the association between each characteristic and COVID-19 mortality rates^4^Model D mutually adjusted for all population characteristics and confirmed COVID-19 mortality rates*HPSAs*, Health Professional Shortage Areas; *IRR*, incidence rate ratio; *RUCC*, rural-urban continuum codes; *Low Educational Attainment (%)*, the percentage with less than high school educational attainment among the population ages 25 and older; *Unemployment (%)*, percentage of unemployment among civilian labor force population 16 years and over; *Poverty (%)*, percentage of families and people whose income in the past 12 months is below the poverty level

Discussion {#Sec4}
==========

Our findings suggest that primary care provider shortage areas with reported COVID-19 cases face a higher burden of COVID-19 infections and death even after adjusting for socioeconomic and other county-level factors. While it is not possible to assess causal pathways using these cross-sectional, observational data, it is possible that reduced access to primary care in provider shortage areas could lead to higher burden of COVID-19 disease and death rates due to delays in diagnosis and resource shortages. It is also possible that these areas face other, unmeasured medical, economic, and social makers of vulnerability.^[@CR2]^ Further research should track these findings over time and seek to disaggregate the possible underlying mechanisms. Regardless of the causal pathway, the findings suggest that many communities are likely to face simultaneous challenges of high burden of coronavirus, social and economic disadvantage, and limited access to primary medical care.
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